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An easy and fast identification technology for chemical molecules is in huge 
demand in environment monitoring, food safe, chemical and medicine industry and 
even in daily life. In traditional approaches, professionals are normally employed to 
make the identification in a laboratory, and each chemical is generally determined 
only by a specific recipe. A method is still in lack for detecting multiple chemical 
molecules in a mixed object. Many chemicals have unique Raman spectrum like its 
fingerprint， and the location of its Raman peaks is fixed. So Raman spectroscopy 
can recognize multiple chemicals in a mixed object by read these peaks. In addition, 
it is a simple and straightforward method and only takes a few seconds by point the 
probe to the sample. These features are essential to bring the chemical identification 
from lab to daily life. 
However, the expensive Raman spectrometer hinders the widely use of Raman 
spectroscopy. Even a portable and imprecise Raman spectrometer is as expensive as 
a motor vehicle. The cost of complex optical components and their mounting process 
make it hard to reduce the price. With the development of integrated optics 
technology, traditional optical components like lens, grating can be replaced by their 
counterparts built on waveguide, which make it possible to realize chip 
spectrometers. One of the critical issues related to chip spectrometer is the coupling 
of multimode fiber to waveguide. Multimode fiber with a core 100 or 200 nm in 
diameter has to be used in a Raman spectrometer to collect the scattering Raman 
signal efficiently. However, the size of waveguide is only several microns. The huge 
size mismatch between the multimode fiber and waveguide generates poor coupling 
efficiency. There are two approaches to address this problem in literatures. 
Fused-tapered multimode fiber had been reported for coupling to waveguide by 
shrinking the size of output light spot. Vertically coupling is also used to induce the 
light from fiber to the waveguide surface instead of its cross section. However, the 
fused tapered fiber is expensive and hard to obtain light spot below 10 micron in 
diameter while the vertically coupling technology suffers from limited effective 
wavelength range, which is only in the range of tens nanometer and hardly meet the 
requirement of chip spectrometer. 
Both of these two approaches were investigated in this dissertation for the 
application of chip spectrometer. A micromachining multimode fiber holder was 















and filled with optical resin to reduce the divergence angle of the output light of 
multimode fiber. A novel vertically coupling method using titling polymeric pillars 
array was designed, simulated and fabricated. The output multimode light from the 
fiber changes to a bundle of single mode light by passing through each pillar in the 
tilting pillars array, and further coupling to the surface of oxynitride waveguide. 
The previous literatures related to the coupling of multimode fiber to waveguide 
were cited and discussed in Chapter 1. The design, simulation and fabrication of 
multimode fiber holder with tapered tip was introduced in Chapter 2. Two pieces of 
silicon substrate with trench was aligned face to face by the aid of aligning marks, 
and a holding hole of fiber was formed by the two aligned trenches. The center of the 
holding hole aligns the interface of the two pieces of silicon substrate. The 
spectrometer chip was mounted on the bigger silicon substrate facedown to make the 
fiber align the waveguide in three directions automatically.  
The design, simulation and fabrication of a vertically coupling chip spectrometer 
were introduced in Chapter 3. Multimode output light from fiber was converted to an 
bundle of single mode light by passing through the titling polymeric waveguide 
array，  and coupling into the oxynitride waveguide vertically. A mask with 
minimum size less than 2 micron was prepared by laser direct writing tool. The mask 
and the wafer was aligned, mounted together and placed on a incline base. An array 
of titling pillar was obtained after UV exposure and developing. We also found the 
shape of the pillar was much better if we immersed the mask and chip into DI water 
during UV exposure. After the formation of titling polymeric pillars on spectrometer 
chip, the underneath silicon substrate was removed by anisotropic etching. Last, thin 
metal film was deposited on the backside of silicon substrate to obtain the final 
structure. 
Both of the fabricated coupling structures were optically characterized in chapter 4. 
First, a testing apparatus was built which used a three dimensional piezoelectric 
displacement controller to align the multiple output waveguides automatically. A 
tilting base as well as tilting microscope system was also prepared to measure the 
incline angle in the case of vertically coupling. Finally, the testing system is 
demonstrated to able to measure the coupling efficiency effectively. 
In conclusions, both the end face coupling and vertically coupling technology 
between multimode fiber and oxynitride waveguide was investigated in this 















approach using a fiber holder with a tapered tip was presented to reduce the 
divergence angle of output light. In the case of vertically coupling, multimode light 
was converted to an array of single mode light by passing through a titling polymeric 
pillars array, and coupling to oxynitride waveguide vertically. The fabrication 
process of these two coupling structure was demonstrated. The testing apparatus of 
chip spectrometer was developed, especially for vertically coupling test.  
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